In this style of learning, the methods of solving the problem are actually secondary to the problem itself and require students to think about what they are doing and why they are doing it (11) . The problems tend to be open ended and have many different correct paths toward a solution; this more closely mimics real-life investigation and learning where the problem serves as a vehicle for the solution (11) . Problems arise in this style, however, with the way that these problems are presented. Most problem-based learning sets present the questions with rigid formatting and styles that frequently end up more important than the problem is designed to solve (11) . In addition, similar to discovery and inquiry instruction, problem-based learning sets often are time consuming for the students and place a higher burden on the instructor in terms of both preparation and grading.
Instructors are faced with the challenge of providing informative and educationally stimulating laboratories while trying to design them in such a way that encourages students to be actively involved in their own learning. With many laboratory experiments designed with simplicity and efficiency as the primary focus, it is sometimes difficult to design in-class experiments that are able to meet all of the above criteria.
At Michigan State University, we have used an innovative yet simple approach to help make the undergraduate laboratory exercise more "minds on," taking elements from each of the four instruction techniques. The senior-level capstone laboratory class has been altered from the style where students follow a given set of protocol instructions to one in which pairs of students start each weekly exercise by being asked a question(s) about the upcoming experiment. They work in teams to form a hypothesis and rationale to this question(s). This hypothesis generation exercise before the experiment results in active participation and forces students to think about the possible outcomes of the experiment they are about to perform. In this new approach, students use information provided to them in the prelaboratory reading and a brief prelaboratory lecture about the topic of study and then must formulate a hypothesis and predict the outcome of the weekly experiments. Each laboratory group forms their hypothesis independently from the other groups and the instructors, allowing for multiple ideas and predictions within the same class. Finally, in addition to bolstering the students' science acumen and self-confidence by using key aspects from each of the four learning styles, each of these weekly questions then form the basis for an in-class data collection where all students contribute to a pooled data set for analysis and are specifically designed by the instructor to generate a data figure using pooled class collected data that can be statistically analyzed and used as a teaching tool and provide the framework for both inquiry-based learning and basic experimental design and statistics.
Like any approach, it is not without its issues. This type of instruction still leans heavily on the idea that the experiments will be predictive and reproducible, and science, even clinical medicine, oftentimes is neither of those. Second, since the student hypotheses are developed from targeted prompts designed to elicit certain responses, we are, in a sense, sacrificing the true nature of inquiry-based learning to better facilitate a classroom environment and structural constraints (time, materials, etc.).
Despite the limitations, with the variety of teaching styles available and the fact that each student responds differently to each of the styles, a laboratory design that includes aspects from each of the aforementioned styles lends itself to having an impact on the majority of students in the classroom despite the learning style that they personally prefer.
METHODS
Instructor prompts from prelaboratory. The prelaboratory content and approach draw heavily from the discovery learning style where each laboratory experiment is prefaced by a prelaboratory lecture given either by the course instructor or by a teaching assistant. This background information is designed to guide the student's thinking to the critical concepts of the experiment as well as provide any technical or informative details on the laboratory procedure. This portion of the process is critical because, as Hodson described in his critique of discovery-based education, "You cannot discover something that you are conceptually unprepared for" (6) . This prelaboratory lecture prepares students and enables them to have the scientific knowledge needed to understand and identify the key points of each lesson. Ultimately, after the lecture, students are invited to congregate with their laboratory partners to discuss and prepare a hypothesis for the questions provided about each week's topic.
Student role in hypothesis formation. Students must formulate a prediction and rationale with their laboratory partner in response to prompted questions after the prelaboratory lecture and before starting the data collection (see Table 1 for prompted questions and Table 2 for example responses). As encouraged through discovery instruction, students are allowed to use the lecture slides, readings, and other resources during this process. Depending on the topic, this activity takes ϳ10-20 min. While the process is relatively short in the classroom, it is important to note that there was time invested by the instructor beforehand pretesting the laboratories for viability and determining which statistics could be collected that would yield meaningful and significant results. Students must write down their answers (one answer/group) in a carbonless paper laboratory notebook to generate duplicate pages. The carbonless copy of the hypothesis and rationale has a twofold purpose: first, it ensures that each group participates in the assignment. Second, before beginning the experiment, students are asked to verbally explain their hypothesis and rationale to the instructor before turning in a duplicate copy of the hypothesis. By turning a physical copy into the instructor, it provides a checkpoint for the instructor to listen to the students' rationale and hypothesis and ensures that students are sufficiently prepared to proceed with carrying out the experiment.
It is noteworthy that some of the questions provided are meant to address a misconception, and, therefore, many students will write a logical rationale but predict a "wrong" outcome. This is intentional as it is a good learning experience to directly face misconceptions when reviewing the class pooled data. Instructor review of the hypothesis before it is handed in is meant only to ensure that students have put in the effort and have a logical rationale presented for their hypothesis. Instructors do not correct wrong predications. It is common for instructors to say something like "that sounds logical; let's test that now and see if the data will support your hypothesis." Instructors will correct the hypothesis if 1) student misconceptions are so severe that they are using entirely inappropriate mechanisms in their rationale and 2) students have not put forth adequate effort in explaining their rationale. In the case of misconceptions, instructors will guide students to resources in the readings or lecture and ask them to revise their written rationale focusing on a particular mechanism.
Since the instructors are very limited in their feedback and guidance during the hypothesis formulation, students really have to do the experiment and investigate the question before they can confirm or deny that their hypothesis was correct. This draws heavily from inquiry-based instruction, and, for the majority of students, it gives an opportunity to make the laboratory their own and become interested and invested in the outcome. To ease the process some and to help the laboratory stay within the time constraints of a laboratory classroom, detailed laboratory procedures are provided to aid students as they move through the experiment, lending the efficiency of expository learning to this laboratory format. Although students have a set of instructions provided, they are free (and even encouraged) to explore independent questions that develop throughout the course of the experiment and really expand on the laboratory where they are led.
Followup. Each laboratory exercise is designed to ask a specific question(s), as described above. Students are presented this question at the start of the laboratory to generate a hypothesis. During class, each team collects data on the question or questions for that day. The individual data are collected and then put into a class spreadsheet so that data can be pooled and an adequate "n" value achieved. This means that sometimes class data is pooled across all sections rather than just one section. In our case, we typically have 3-5 sections of 16 -18 students. Depending on the experiment, there is enough power to show significant differences within one section and, other times, we pool data from all sections. When all sections have completed the experiment and the appropriate statistics have been applied, the compiled graphs are returned to students to be addressed in their weekly homework assignment. These statistics are generated by the instructor of the course to ensure that they are done appropriately and in a timely fashion; however, the reasoning and details of the statistics used are discussed in the following prelaboratory lecture and addressed in more detail in the weekly laboratory assignments. Additionally, it is possible to have the graphs generate in real time, which can foster excitement and interest in the results of the larger class as well as in their own experiments. This has led in some cases to some students staying in laboratory long after they have completed their own experiments to observe how their data fit into the larger group as a whole.
The weekly homework assigned for this class has been modified from traditional formal laboratory reports to a more specifically aimed problem-based style. Questions are targeted to make students think about and answer the main points that the instructors want the laboratory to convey. With the design of the laboratory being more discovery and inquiry led, this ensures that the purpose and main points of the laboratory are still being emphasized and understood by students. The homework is designed to take ϳ4 -6 h to complete outside of class for this two-credit course and addresses (but is not limited to) whether the student's hypothesis matched the class data set, what statistics were used and why, and an open-ended question asking, based on what students learned, how would they design an additional experiment to expand on this laboratory. In addition to asking if their predicted hypotheses matched the class data, students are asked to compare their original hypothesis with their own personal data and explain what may have happened if the prediction and data set do not match. In the cases where students could not confirm their original hypotheses, this question provides a critical learning opportunity for students to evaluate how their original line of thinking was unsubstantiated by their data. As the instructors grade the assigned homework, they have the opportunity to expand on the student's explanation and/or provide insights and further explanations that students may have missed.
RESULTS AND DISCUSSION
Over the last several years, a senior level physiology laboratory class has been altered from the style where students simply follow instructions and progress from goal A to goal B to a hypothesis-driven experiment where students formulate both the hypothesis and rationale behind it. In this new model, students use information provided to them in a prelaboratory lecture about the topic of study and then must formulate a hypothesis, answering guided prompts from the lecture to form a hypothesis about the outcome of the upcoming experiments and then turn in this hypothesis to the instructor as well as write it in their weekly homework. By turning in a copy of the hypothesis before they perform the experiment, this ensures that students do not alter their hypothesis after seeing the results of the pooled class data. Not being able to alter the hypothesis is a critical component to the success of this 
ECG and the mean electrical axis Hypothesis prompts
Which lead configuration (lead I, II, or III) would result in the large ECG deflection in a patient with a normal mean electrical axis? How would the cardiac mean electrical axis angle change with a full inhalation and a full exhalation?
Respiration

Hypothesis prompts
What changes in lung volumes and air flow will occur with scarves used to mimic restrictive airway disorders? What changes in lung volumes and air flow will occur with breathing into a straw to mimic obstructive airway disorders? Predict which condition will allow for the longest breath-hold duration and why: After a deep inhalation (Hering-Bruer inhalation reflex) OR after a full exhalation (Hering-Bruer deflation reflex)? Predict which condition will allow the longest breath-hold duration and why:
After hyperventilation (role of CO 2 and O 2 ) OR after rebreathing (role of CO 2 and O 2 )? electromyography
What is the relationship between load and electromyography amplitude? Include a prediction: if we double the weight load, will we double the electromyography amplitude? What do you predict will happen to the electromyography signal as the arm joint angle is decreased from 150 to 45°? What do you expect will happen to the electromyography signal when the muscle is fatigued?
Blood pressure Hypothesis prompts
What will blood pressure be in the upper arm compared with the foot while lying, seated, and standing? Will it be the Same? Higher? Lower? Why? Clue: Think hydrostatic column height! What will happen to blood pressure taken in the upper arm when transitioning from supine to seated and then from seated to standing? Will blood pressure be the same or different with changes in body position? Clue: Think gravity and baroreflex!
Dive response Hypothesis prompts
The dive reflex allows for prolonged underwater dives in cold water. Predict what changes you will observe in heart rate, blood pressure, and peripheral blood flow. The cold pressor reflex is a sympathoexcitatory maneuver. Predict what changes you will observe in heart rate, blood pressure, and peripheral blood flow.
Exercise
Hypothesis prompts
Predict how O 2 consumption and CO 2 production will change during sequential 2-min stages of aerobic cycling at progressively higher resistances. Comment on any specific pattern (linear, exponential, or plateau). Predict if there will be a significant difference in energy expenditure in comparing various nonexercise activities (such as sitting, fidgeting, standing, and easy stair stepping) with each other and to the resting supine position. How will arm blood flow measured by Dopplar ultrasound in the brachial artery change:
During maximal handgrip exercise while the forearm muscles are contracted? After a single 1-s maximum handgrip? After a sustained 5-s maximum handgrip?
Renal system Hypothesis prompts
Using the following experimental conditions, water (hypotonic), normal saline (isotonic), and salt load (hyertonic), predict in order what groups will have the most to least total urine output during the experiment. Using the following experimental conditions, water (hypotonic), normal saline (isotonic), and salt load (hyertonic), predict in order what groups will have the highest to lowest specific gravity during the experiment.
Glucose
Hypothesis prompts
Compare the following three meal groups: A. Pop Tarts and Red Bull B. Half bagel with peanut butter and banana C. Sliced meat and cheese Predict in order from highest to lowest the peak glucose level achieved postmeal. Predict in order from longest to shortest the time it will take to return to baseline postmeal. laboratory model. Not only does this prevent students from altering their hypothesis to match the "correct" or "expected" results, but it also reinforces the idea that wrong ideas and expectations are not "incorrect" but rather offer opportunities for better understanding. In semesters that did not use this method of turning in the hypothesis, problems arose with students often making incorrect predictions about the laboratory and feeling the need to change their hypothesis to match their observed results in their weekly homework after the experiment had been completed.
Adding a hypothesis-generating exercise to each laboratory experiment is a mentally stimulating exercise that forces students to become involved in the laboratory they are performing. This participation forces engagement and critical thinking from the student and allows for immediate confirmation or rejection of their proposed hypothesis upon completion of the laboratory when the pooled class data is displayed. Anecdotally, the instructors observed that the hypothesis generation exercise was helpful in student engagement both during the hypothesis exercise at the start of the experiment and also during the rest of the laboratory activity. Hypothesis generation forces reflection on the physiological mechanisms before the experiment begins. It is refreshing to see students getting out their notes and looking up possible mechanisms during the hypothesis-generating exercise as they prepare for the activity rather that proceeding without engagement. This activity seems to focus student attention on the topic of study and the task at hand. It built interest in the weekly laboratory activity since students have invested time in making the predication. Previously, it was observed that students approached the laboratory exercises in a very cookbook manner, by following the protocol steps without much thought or interest going into the experimental outcomes. Under the present format, students are interested as each group enters data points into the class spreadsheet and are genuinely curious about the results.
In summary, the addition of a hypothesis generation activity increases student investment in laboratory experiments and helped lead to a commitment to quality for in class data partly due to this prediction and immediate feedback. Through these elements and changes to the laboratory environment, curiosity and enthusiasm are fostered and a better learning environment and a more productive classroom are created. Our hypothesis regarding a potential difference in lung volume and airflow under conditions simulating a restrictive disease was as follows: when scarves are used to mimic restrictive airway disorder, lung volumes will decrease because the scarves will simulate a reduced inhalation capacity and as would fibrous lung tissue in restrictive disease, the rate of air flow will remain the same because factors affecting rate such as airway diameter are not influenced by the reduction in lung capacity. We hypothesized that with restrictive airway disorders, lung volume will decrease due to a decrease in the total lung capacity. In addition, the air flow ratio of FEV1 to FVC would demonstrate no change because the pathway of restricted airway disorders is in inspiration and this ration measures expiration
Blood Pressure What will blood pressure be in the upper arm compared with the foot while lying, seated, and standing?
Our hypothesis regarding differences in blood pressure in the upper arm compared with the foot during various postures was as follows: in a supine position, blood pressure taken in the upper arm will be equal to blood pressure in the foot because the column of fluid is the same height as both locations are at equal elevation. In a seated position, blood pressure taken in the upper arm will be lower than blood pressure in the foot because the column of fluid above the upper arm is much shorter than that above the foot, decreasing the pressure of the fluid pushing down at the level of the arm compared with the foot. In a standing position, the difference between the blood pressures taken in the upper arm and foot will be greater than the blood pressures in the seated position, with the pressure in the upper arm still less than that of the foot, because the column of fluid above the foot is much greater than that above the upper arm. In the standing position, the column of fluid above the foot is the whole body. The blood pressure in the upper arm will be the same as the foot while lying down but lower than the foot while standing and being seated. This will occur because a lower hydrostatic pressure occurs at a higher column height. While lying down, the arms and the legs will be at the same height, leading to a similar blood pressure. While being seated or standing, the arms are at a higher height than the feet, leading to a lower blood pressure.
Dive response The dive reflex allows for prolonged underwater dives in cold water. Predict what changes you will observe in heart rate, blood pressure, and peripheral blood flow.
We predict that heart rate and peripheral blood flow will decrease and blood pressure will increase during prolonged underwater dives in cold water. This will occur because of the reflex receptors on the face, which will sense the cold water and send afferent signals to the brain via cranial nerves V and X and lead to an increase in efferent parasympathetic signals to the heart to decrease heart rate, leading to a decrease in blood flow and an increase in efferent sympathetic signals to the peripheral vessels to cause vasoconstriction and an increased blood pressure. We hypothesized that the dive reflex would cause a decrease in heart rate, blood pressure, and peripheral blood flow because facial cold sensors would be stimulated, causing increased cardiac parasympathetic nerve activity and peripheral vasoconstriction; additionally, there would be an increase in sympathetic activity in response to apnea. Ultimately, this response conserves O 2 for essential organs, including the heart and brain.
FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity.
